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Introduction
In addition to the direct toxic actions observed
immediately after administration, some organo-
phosphorus'compounds are known to cause delayed
neurotoxic effects in mammals including humans
and in hens, which are characterized clinically
by a permanent ataxia of legs or hind limbs
(paralysis) and histopathologically by demyelina-
tion and degeneration of the peripheral nerves,
especially of the sciatic nerve.I'S) Since the
delayed neurotoxic effect is an irreversible lesion
on the nerve tissues, it is essential to confirm
whether or not an organophosphorus compound
has such toxic actions before it is practically
used. Actually most of the existing organophos-
phorus insecticides such as parathion, diazinon,
malathion, dirnethoate, ethion, fenchlorphos, fen·
thion and dioxathion have been already demon'
strated not to cause paralysis in hens.'-!)
In this paper are presented the results of
delayed neurotoxicity tests as well as acute
toxicity in hens of 4 organophosphorus insecticides,
SalithionS', Cyanox F', Surecide l", Sumlthlcn s' and
also of Sumioxon, the active metabolite of
Sumithlon.
Materials and Methods
White leghorn hens (1-1. 5 year old, weighing
1.3-2. 3 kg) were purchased from Nihon Dobutsu
Co., Ltd. They were kept at 25 ± I·C with
relative humidity of 60 ±10:'6 and had free access
to diet (Osaka Shinkoh Shiryo). Test materials
were; Sumithion, O,O-dimethyl 0-(3-methyl-4-
nitrophenyl) phosphorothioate (lot No. 417, purity
97.2 ?6), Salithlon, 2-methoxy-4H-l, 3, 2-benzo-
dioxa-phosphorin-2-sulfide (lot No. 193-4, purity
95. 1?6), Cyanox, O,O-dimethyl 0- (4-cyano-
phenyl) phosphorothioate (lot No. 158, purity 95.0
?6) Surecide, O-ethyl, 0-(4-cyanophenyl) phenyl-
phosphonothioate (lot No. E 199, purity 92. 0?6) ,
which were all technical products of Sumitomo
Chern Co.. Sumioxon, 0, O-dimethyl O-(3-methyl
-4-nitrophenyl) phosphorate (purity 98;:'6 up) and
TOTP, tri-ortho-tolyl phosphate (purity 99 ?,,)
were prepared in this laboratory.
Salithlon, Cyan ox, Surecide, Sumithion or
Sumioxon were suspended in 1096 Tween 80
aqueous solution and administered orally by
stomach tube at the rate of 1 ml/kg of the
suspension to 3 or 4 groups of hens, each consis·
ting of 4 to 6 individuals. The animals were
observed for 5 weeks. The LD. o value was
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calculated by Litchfield & Wilcoxon method."
The delayed neurotoxicity study was carrid out
according to the proposed guideline of Environ-
mental Protection Agency of the United States.!"
The administered solution was prepared by adding
1/5 as much of Sorpol 355, an emulsifier, to
Sumithion, and by diluting it in distilled water
so that the test hens would be given 2.0 ml
of the solution/kg body weight. Four other
organophosphorus compounds were suspended in
1096 Tween 80. The solution was administered
orally to the specified numbers of hen at the
dosage of around LD.o value of the compound
(the actual number of hen and the dosage
are shown in Table 1). To protect the animals
from acute intoxication, both atropine (20 mg/
kg by subcutaneous injection) and pyridine-2-
aldoxime methiodide (2-PAM, 100 mg/kg by
intraperitoneal injection) were administered se-
veral times depending on the symptoms, for
example in the case of Sumithion 5 times,
namely, immediately after and 6, 24, 48, 72 hours
after administration.
Three weeks after the first administration the
same treatment was repeated and the birds were
observed for another three weeks.
During the whole six-week experimental period,
paralysis in legs was checked as an indicator for
the delayed neurotoxicity. TOTP was suspended
in 1096 Tween 80 aqueous solution and adminis-
tered orally at the level of 300 to 500mg/kg to
hens and the animals were observed for 4 weeks.
After the observation period, all the treated birds
excluding those dead of acute intoxication were
sacrificed and their sciatic nerves were dissected
out and examined histopathologically through
formalin fixation, paraffin embedding and hema-
toxylin-eosin staining or Luxol-fast blue staining.
In subacute toxicity studies, Sumithion or
Surecide was suspended in 1096Tween 80 aqueous
solution and 1/15 and 1/30 of the acute LD.o
values were administered orally to 8 hens per
group everyday for consecutive four weeks.
Thereafter, the birds were observed for three
weeks on basal diet. During the whole period
(seven weeks) the toxic symptoms and body
weight in the hens were observed. At the termi-
nation of the observation period, the birds were
sacrificed and their sciatic nerves were examined
histopathologically.
Table 1. Acute oral toxicity of Sumithion in hens.
Compound Dosage Daily mortality Mortality







250 0/6 0/6 o Decrease of spontaneous
motor activity after 2-3 hrs.
Motor ataxia and irregular
respiration after 24 hrs.
Recovered to normal in 4-6
days.
1000 1/6 6/6 6/6
50.0500 0/6 3/6 3/6 Decrease of spontaneous
motor activity after 30-
60 min.
Motor ataxia after 3 hrs.
Salivation, irregular respira-
tion and dark red discolora·
tion of the comb after 24 hrs.
110tor ataxia became severe.
Recovered to normal in 8-10
days.
100.0 The same as above.
500
(384-650)'"
'" 9596 confidence limit
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Results and Discussions
Acute oral toxicity: The toxic symptoms and
mortality caused by single administration of
Sumithion are reproduced in Table I, which
indicates that LDo• of Sumithion in birds was
500 mg/kg. Table 2 summarizes the test results
with other 4 organophosphorus compounds. The
toxic symptoms were more or less similar to
those of Sumithion.
Delayed neurotoxicity: By oral administration of
500 mg/kg of Sumithion, motor ataxia, decrease of
spontaneous motor activity, irregular respiration
were observed and five out of sixteen hens died
during 24-48 hrs. Symptoms of acute intoxication
disappeared in 5-7 days and there appeared no fur-
ther noteworthy changes. Almost the same symp-
toms were noted after the second administration,
except that no death was recorded. During the
second 21-day observation period, paralysis in legs
was not observed at all after disappearance of acute
intoxication. Hlstopathcloglcal findings of sciatic
nerves in the birds treated with Sumithion were
normal. The results are summarized in Table 3.
Four other organophosphorus compounds were
tested similarly. None of them caused delayed
paralysis in legs, as shown in Table 3. In every
trial using TOTP (suspended in 1096 Tween 80
aqueous solution), delayed neurotoxicity was
observed well reproducibly; motor ataxia appeared
on 10th to 12th day and all the hens showed
paralysis in legs on 14th to 15th day (Table 3).
Upon histopathological examinations, degeneration
and outstanding demyelination of sciatic nerves
were noted, as reproduced in Fig. 1.
Sumithion and Surecide were tested by conse-
cutive 4 week oral administration at the dosage
of 1/15 and 1/30 LDo• per day. As shown in
Fig. 2, Sumithion at 16.7 mg/kg'/day caused a
slight body weight decrease which lasted during
the administration period. The body weight
recovered slowly on termination of the adrninist-
Table 2. Acute oral toxicity of Salithion, Cyanox, Surecide
and Sumioxon in hens.












































































































(21. 0-57. 0) *
* 9596 confidence limits
51
m llt H 'f: m 40 ,~- [ [
T ahle :l. De la yed neur otox ic ac t ion of 5 organoph osph oru s co m pounds on he ns .
Du plica te ad ministrat ions Consecut ive adm in istrat ion
Compound Dosa):( l' ~ I o rta l i t y Pa ra lys is Dusage Mor ral ity Pa ra lys is
m):( / k):( m):( /k ):( /d a y
Salith ion IOOx 2 :1/ 10 0/ 7
Cyan ox 20 x 2 2/ 12 0/ 10
Surcc ide 100 x 2 1/ 8 0/ 7 2. 0 0/8 0/8
,\. 0 1/ 8 0/ 7
Sumi thion 500 x 2 5/ 16 0/ 11 16. 7 0/8 0/8
33.7 1/ 8 0/ 7
Sumi ox on :15x2 5/ 12 0/7
T OT P :lOO X 1* 0/6 6/6
500 x l* 1/ 6 5/5
* s ing le ad mi nistrat ion
I):til" arlminiCll r:llion
ra tio n. At the high er dosa ge level (33. ,I mg/k ):( /
da y) , t he ad verse e ffect on bod y w eiz h t was
more mark ed . Suc h toxi c sy mpto ms wer e obse rved
as dec rea se of s ponta neous mot or ac t iv ity a t th e
lowe r level and decr ease of sponta neous mot or
activity. tr e mor , m ort or a ta x ia as well as loss of
ap pet ite a t the h ig her lev el. H owe ve r. th ese
symptoms ):( rad ua lly d isappeared (a pprox ima tely
one week a t th e lowe r leve l and 1·1 da ys a t t he
h iuhcr le ve l) . One hen in th e h ig her le vel g roup
died on th e fifth da y.
During th e seve n wee k invc s t iua rion peri od, no
pa ra lys is in leg s was obse rved a t al l. H is topa-
t holog ica liv no a bnorma lit ies were found in sc ia tic
ner ves in t he bird s a t a ny dosa ge ):( rou p,
Sur cc idc at 2 a nd 4 mg / kg / day gave more or
less s imila r tox ic sym ptoms, hu t no de layed
neu rot oxi c effect s were obse rved .
The above result s arc includ ed in Ta hle :1. It
ca n be conc lude d from th e a bove resu lts tha t
the se 5 org a nophos phorus co m pou nds did not
ca use dela yed neurot oxicit y in he ns. alth ough th e
c he mica l s truc tu re is va r ia ble, th a t is, three a rc
O, O-d ia lkyl ph osphoro-th ioa tcs or -phos phn ra tc ,
the Iourt h is a pho sph onate and the fif th is a
cycl ic phos ph orot h ioa te.
"
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Deue uc r.u lon and demyel inati on of
sc ia tic nerve in hen trea ted with
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Su m ma ry
"
F ig . 2. ~Il' a n bod y wc iz hr cu rves of he ns
t rc a tcd with Sumit hi on for ·l wee ks,
The acu te or a l tox ic ity and the dela yed neuro-
toxi c ity wer e tes ted in wh it e leu horn hen s of 5
orga nophosph oru s co m pounds, Sa li th ion, Cyanox,
Su rc c irlc. Sum ith ion and um iox on.
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The acute oral LD,~ value of the above com-
pounds were determined, respectively, . to be 110,
37.5, 60, 500 and 35mg/kg. In the delayed
neurotoxicity study, each compound at or ncar
the acute oral LD,o value was orally administered
and the treated birds were observed for 21 days
(with concurrent uses of atropine and 2-PAM).
Thereafter, the same treatment was carried out.
No compound was demonstrated to cause the
delayed neurotoxic effects of the survived hens.
Four-week subacute oral administration of Surni-
thion and Surecide were also tested at two dosage
levels, 1/15 and 1/30 of the acute oral LD,o/day.
No delayed neurotoxicity was observed, either.
On the other hand, the animals to which TOTP
was singly administered as a positive control at
the dosage of 300 to 500 mg/kg showed severe
paralysis in legs. Degeneration and outstanding
demyelination were observed in the sciatic nerves
upon histopathological examinations.
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